TITLE OF THE INVENTION 
OPTICAL TRANSMISSION SYSTEM 
BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an optical 

transmission system for transmitting signal light, where 
a plurality of signal channels included in a signal 
wavelength band are multiplexed, through an optical fiber 
transmission line . 
Related Background Art 

[0002] A Wavelength Division Multiplexing (WDM) 

optical transmission system transmits signal light, where 
a plurality of signal channels with mutually different 
wavelengths are multiplexed, through an optical fiber 
transmission line, so as to enable the high-speed 
transmission/reception of large capacity information. The 
optical transmission system can suppress waveform 
deterioration of signal light by decreasing the absolute 
value of the accumulated chromatic dispersion of an entire 
signal propagation path. By this, the optical transmission 
system can increase the bit rate and allow larger capacity. 
[0003] For example, the optical transmission system 

disclosed in Japanese Patent Laid-Open No. Hll-204866 has 
a configuration for demultiplexing the signal channels 
included in the multiplexed signal light into a plurality 
of wavelengthbands, and performing dispersion compensation 
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for eachband . By this, the absolute value of the accumulated 
chromatic dispersion is decreased for each band. 
[0004] In Document 1, "D. A. Atlas, 'Chromatic 

dispersion limitations due to semiconductor laser chirping 
5 in conventional and dispersion-shifted single-mode fiber 

systems', Optics Letters, Vol. 13, No. 11, pp. 1035 - 1037 
(1988) ", the relationship between the accumulated chromatic 
dispersion and the transmission characteristics is shown 
concerning the configuration using a direct modulation 

10 semiconductor laser light source for the signal light source . 

In Document 1, the values of dispersion resistance, to 
acquire good signal transmission quality, are stated, where 
the dispersion resistance is 1200 ps/nm when the bit rate 
is 2.5 Gb/s, and the dispersion resistance is 80 ps/nm when 

15 the bit rate is 10 Gb/s. 

[0005] The optical transmission system stated in 

Document 2, M M. Kakui, et al, '2.4 Gbit/s repeaterless 
transmission over 306 km non-dispersion-shifted fiber using 
directly modulated DFB-LD and dispersion-compensating 

20 fiber', Electronics Letters, Vol. 31, No. 1, pp. 51 - 52, 

(1995)" intends to make the absolute value of accumulated 
chromatic dispersion to roughly zero, where the direct 
modulation semiconductor laser light source is used as the 
signal light source and dispersion-compensating optical 

25 fiber is used as the dispersion compensator. 

[0006] Also in the optical transmission system stated 
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in Document 3, "M. Tanaka, et al, 'Water-peak-suppressed 
non-zero-dispersion shifted fiber for full spectrum coarse 
WDM transmission in metro networks', OFC 2002, WA2", an 
optical fiber, where the loss peak due to an OH-radical near 
5 wavelength 1-38 |um is decreased, is applied. Document 3 

shows the configuration where a direct modulation 
semiconductor laser light source is used for the signal light 
source, where the accumulated chromatic dispersion is about 
1000 ps/nm and the transmission penalty is 1 dB when the 
10 bit rate is 2.5 Gb/s. 

SUMMARY OF THE INVENTION 

[0007] After studying conventional optical 

transmission systems, the present inventor discovered the 
following problem. An optical transmission system which 

15 performs CWDM (Coarse WDM) optical transmission in which 

the signal channel spacing (signal wavelength spacing) in 
a multiplexed signal light is relatively wide (see Japanese 
Patent Laid-Open No . 2000-156702, for example) is generally 
applied to a route where communication demand is relatively 

20 small. Therefore the semiconductor laser light source 

which is used as the signal light source is direct ly modulated, 
and dispersion compensation is not normally performed 
because of the demand to decrease system cost. 
[0008] With the foregoing in view, it is an object of 

25 the present invention to provide an optical transmission 

system which allows high quality transmission of signal light, 
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and is particularly appropriate for CWDM optical 
transmission. 

[0009] The optical transmission system according to 

the present invention comprises, an optical transmitter 
5 including a non-temperature controlled direct modulation 

light source, an optical receiver, an optical fiber 
transmission line which is disposed between the optical 
transmitter and the optical receiver, and at least one 
non-temperature controlled dispersion compensator. The 
10 optical transmitter outputs signal light in the signal 

wavelength band. The optical fiber transmission line is 
a transmission medium for transmitting the multiplexed 
signal light where a plurality of signal channels in the 
signal wavelength band are multiplexed, and has a positive ' 
15 chromatic dispersion in an operation wavelength of the direct 

modulation light source . The optical receiver receives the 
signal light having propagated through the optical fiber 
transmission line. The dispersion compensator is an 
optical component for compensating for the accumulated 
20 chromatic dispersion of the optical fiber transmission line, 

and is disposed either on an optical path between the signal 
transmitting end of the optical transmitter and the signal 
entering end of the optical fiber transmission line, or on 
an optical path between the signal receiving end of the 
25 optical receiver and the signal emitting end of the optical 

fiber transmission line. Of cause, the optical transmitter 
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may output some signal channels in the signal wavelength 
band. 

[0010] When the dispersion compensator is disposed on 

the optical path between the signal transmitting end of the 
5 optical transmitter and the signal entering end of the 

optical fiber transmission line, at the signal emitting end 
of the optical fiber transmission line, the accumulated 
chromatic dispersion of the optical fiber transmission line 
at the operation wavelength of the direct modulation light 

10 source is set to negative in a temperature range of 0°C to 

60 °C. On the other hand, when the dispersion compensator 
is disposed on the optical path between the signal receiving 
end of the optical receiver and the signal emitting end of 
the optical fiber transmission line, at the signal receiving 

15 end of the optical receiver, the chromatic dispersion of 

the signal light at the operation wavelength of the direct 
modulation light source is set to negative in a temperature 
range of 0°C to 60 °C. 

[0011] In accordance with the optical transmission 

20 systemhaving the abovementionedstructure, the signal light 

can be transmitted at high quality. Since the direct 
modulation light source and the dispersion compensator are 
non-temperature controlled devices respectively, system 
cost decreases. 

25 [0012] The optical transmission system according to 

the present invention may further comprise a demultiplexer . 
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In this case, the demultiplexer demultiplexes a plurality 
of signal channels propagating through the optical fiber 
transmission line into one signal channel group in a first 
wavelength band including the zero-dispersion wavelength 
of the optical fiber transmission line and the other signal 
channel group in a second wavelength band. The dispersion 
compensator compensates for the accumulated chromatic 
dispersion in signal channels of the second wavelength band . 
At the signal outputting end of the dispersion compensator, 
the accumulated chromatic dispersion in one of the signal 
channels of the second wavelength band, which passed through 
the dispersion compensator, is preferably negative in a 
temperature range of O'C to 60 °C. 

[0013] The first wavelength band is a wavelength band 

15 which includes a zero-dispersion wavelength of the optical 

fiber transmission line, and in the second wavelength band, 
the absolute value of the accumulated chromatic dispersion 
is larger as compared with the first wavelength band. 
Therefore, the signal light of the second wavelength band, 
20 where the absolute value of the accumulated chromatic 

dispersion is large, is dispersion-compensated by the 
non-temperature controlled dispersion compensator. After 
passing through the dispersion compensator, the accumulated 
chromatic dispersion at the signal outputting end of the 
25 dispersion compensator is set so as to be negative at the 

above mentioned operation wavelength in the temperature 
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range of 0°C to 60°C. Because of the above configuration, 
the optical transmission system according to the present 
inventioncan transmit multiplexed signal light in the signal 
wavelength band at high quality, and becomes a system 
5 particularly suitable for CWDM optical transmission. The 

dispersion compensator can be disposed only for the signal 
channels in the second wavelength band, and the direct 
modulation light source and the dispersion compensator are 
non-temperature control devices respectively, so system 
10 cost can be decreased. Also in CWDM optical transmission, 

the signal channel spacing (signal wavelength spacing) 
included in the signal light is wide, so an inexpensive 
optical fiber can be used for the demultiplexer. 

In the optical transmission system according to the 
15 present invention, it is preferable that the accumulated 

chromatic dispersion in all the signal channels of the second 
wavelength band which passed through the dispersion 
compensator is negative in the temperature range 0 °C to 60 °C . 
In this case, a higher quality signal light transmission 
20 is possible. 

[0014] Also, in the optical transmission system 

according to the present invention, it is preferable that 
a bit rate of at least one signal channel among the signal 
channels included in the second wavelength band is higher 
25 than any bit rate of all the signal channels in the first 

wavelength band. In this case, the transmission speed can 
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be upgraded intentionally from the dispersion-compensated 
side, therefore system improvement with a simple 
configuration at lost cost can be expected. 
[0015] In the optical transmission system according 

5 to the present invention, it is preferable that the optical 

fiber transmission line includes a single-mode optical fiber 
having a zero-dispersion wavelength of near 1 . 3 jim. In this 
case, the single-mode optical fiber which has already been 
laid can be used as an optical fiber transmission line, so 
10 an increase in system cost can be suppressed. 

[0016] It is preferable that the optical fiber 

transmission line, at a wavelength 1.38 jam, has a 
transmission loss smaller than a transmission loss at a 
wavelength of 1.31 urn. This is because signal channels of 
15 a wavelength of near 1.38 |jia can be used, which allows a 

further increase in capacity. It is also preferable that 
the optical fiber transmission line has a zero-dispersion 
wavelength which exists in a wavelength range of 1.35 jam 
to 1 . 5 jam. This is because the chromatic dispersion of the 
20 optical fiber transmission line at the shorter wavelength 

side of the signal wavelength band is a negative value (or 
a small positive value) , so the transmission characteristics 
of all the signal channels in the signal wavelength band 
are improved. 

25 [0017] It is also preferable that, at the signal 

receiving end of the receiver, the optical power of one of 



the signal channels in the second wavelength band is higher 
than the lowest optical power among the optical power of 
the signal channels in the first wavelength band. In this 
case, the loss increase, due to the insertion of the 
dispersion compensator, is suppressed, and the transmission 
distance can be increased, and also deterioration of the 
loss budget of the system can be avoided. 
[0018] Also, it is preferable that at the signal 

receiving end of the receiver, the optical power of all the 
signal channels in the second wavelength band is higher than 
the lowest optical power among the optical power of the signal 
channels in the first wavelength band. In this case, the 
loss budget of the entire system can be defined by a value 
in the first wavelength band, which makes system design easy. 
Also, a loss budget can be sufficiently secured, so the 
reliability of the entire system improves. 
[0019] It is preferable that the optical transmission 

system according to the present invention further comprises 
pumping light supply means for supplying 
Raman-amplification pumping light into the optical fiber 
transmission line, so as to Raman-amplify the signal light. 
In this case, the signal light is Raman-amplified in the 
optical fiber transmission line to which the 
Raman-amplification pumping light is supplied, so an 
effective transmission loss can be decreased, and a loss 
increase due to the insertion of the dispersion compensator 
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can be compensated. It is preferable that the pumping light 
supply means supplies the Raman-amplification pumping light 
with a plurality of pumping channels included in a wavelength 
range of 1.2 p to 1.3 pin are multiplexed to the optical 
5 fiber transmission line. In this case, the signal light 

near wavelength 1.31 urn, where transmission loss is 
particularly high, is Raman-amplified, and an effective 
transmission loss near this wavelength can be decreased. 
[0020] The present invention will be more fully 

10 understood from the detailed description given hereinbelow 

and the accompanying drawings, which are given by way of 
illustration only and are not to be considered as limiting 
the present invention. 

[0021] Further scope of applicability of the present 

15 invention will become apparent from the detailed description 

given hereinafter. However, it should be understood that 
the detailed description and specific examples, while 
indicatingpref erred embodiments of the invention, are given 
by way of illustration only, since various changes and 
20 modifications within the spirit and scope of the invention 

willbe apparent to those skilledin the art from this detailed 
description . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 is a diagram depicting the configuration 

25 of the first embodiment of the optical transmission system 

according to the present invention; 

10 
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[0023] Fig. 2 is a diagram depicting the configuration 

of the first application example of the optical transmission 
system according to the first embodiment shown in Fig. 1; 
[0024] Fig. 3 is a diagram depicting the configuration 

5 of the second application example of the optical transmission 

system according to the first embodiment shown in Fig. 1; 
[0025] Fig. 4 is a graph depicting the chromatic 

dispersion characteristics of the optical transmission 
system according to the first embodiment shown in Fig. 1 
10 (No. 1); 

[0026] Fig. 5 is a graph depicting the chromatic 

dispersion characteristics of the optical transmission 
system according to the first embodiment shown in Fig. 1 
(No . 2) ; 

15 [0027] Fig. 6 is a diagram depicting the configuration 

of the second embodiment of the optical transmission system 
according to the present invention; 

[0028] Fig. 7 is a graph depicting the loss 

characteristics of the optical fiber transmission line; 
20 [0029] Fig. 8 is a diagram depicting the configuration 

of the third embodiment of the optical transmission system 
according to the present invention; 

[0030] Fig. 9 is a graph depicting the chromatic 

dispersion characteristics and the loss characteristics of 
25 the optical transmission system according to the third 

embodiment shown in Fig. 8; 
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[0031] Fig. 10 is a table showing the chromatic 

dispersion characteristics of Example 1 of the optical 
transmission system according to the present invention; 
[0032] Fig. 11 is a table showing the chromatic 

dispersion characteristics of Example 2 of the optical 
transmission system according to the present invention; 
[0033] Fig. 12 is a table showing the transmission 

penalty characteristics of Example 3 of the optical 
transmission system according to the present invention; and 
[0034] Fig. 1 3A is a diagram depicting an experiment al 

system for evaluating the temperature characteristic of the 
optical transmission system according to the present 
invention, and Figs. 13B and 13C are graphs showing the 
optical characteristics of this experimental system. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0035] Embodiments of the optical transmission system 

according to the present invention will now be described 
in detail with reference to Figs. 1 to 12 and 13A to 13C. 
In the description of the drawings, identical composing 
elements are denoted with identical reference numerals, for 
which redundant descriptions are omitted. 
( First embodiment) 

[0036] At first, the first embodiment of the optical 

transmission system according to the present invention will 
be described. Fig. 1 is a diagram depicting the 
configuration of the optical transmission system la 
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according to the first embodiment. The optical 
transmission system la shown in Fig. 1 comprises N number 
of (N is an integer 2 or higher) direct modulation light 
sources Hi to 11 N (included in the optical transmitter), 
5 multiplexer 12, N number of receivers 21 x to 21 N (included 

in the optical receiver) , demultiplexer 22, dispersion 
compensator 23, demultiplexer 24i, demultiplexer 24 2 , and 
optical fiber transmission line 30. 

[0037] The direct modulation light source ll n (n is 

10 an arbitrary integer 1 or more N or less) includes a 

non-temperature controlled semiconductor laser light 
source which outputs directly modulated light with 
wavelength X n as a signal channel. The multiplexer 12 
multiplexes light with wavelength X n which are outputted 
15 from the direct modulation light source ll n , and sends the 

multiplexed signal light with signal channel wavelengths 
Xi to \u to the optical fiber transmission line 30. The 
wavelengths X x to A, N of these signal channels are included 
in the signal wavelength band from a wavelength of about 
20 1 . 3 |Ltm to a wavelength of about 1 . 61 \xm, and the signal channel 

spacing (wavelength spacing) is relatively wide. In other 
words, this optical transmission system la is a system to 
implement CWDM optical transmission. 

[0038] The optical fiber transmission line 30 

25 transmits the multiplexed signal light with signal channel 

wavelengths X x to X N , which were outputted from the 
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multiplexer 12, into the demultiplexer 22. This optical 
fiber transmission line 30 is preferably a standard 
single-mode optical fiber having a zero-dispersion 
wavelength of near 1 . 3 jam, or a non-zero-dispersion shifted 
5 optical fiber (NZDSF) having a zero-dispersion wavelength 

in a wavelength range of 1 . 35 jam to 1 . 5 jam. It is preferable 
that the optical fiber transmission line 30, at a wavelength 
of 1.38 |Lim, has a transmission loss smaller than a 
transmission loss at a wavelength of 1.31 jjjti. 
10 [0039] The demultiplexer 22 is installed at the signal 

emitting end side of the optical fiber transmission line 
30, and demultiplexes the signal channels with wavelengths 
Aa to X N , which are included in the multiplexed signals 
propagating through the optical fiber transmission line 30, 
15 into the signal channel group in the first wavelength band 

Ai and the signal channel group in the second wavelength 
band A 2 . The first wavelength band A x is a wavelength band 
which includes the zero-dispersion wavelength of the optical 
fiber transmission line 30, and the second wavelength band 
20 A 2 is the other wavelength band. When the optical 

transmission line 30 includes a standard single-mode optical 
fiber, the second wavelength band A 2 locates at the longer 
wavelength side from the first wavelength band Ai . 
[0040] The dispersion compensator 23 is a 

25 non-temperature controlled optical device, and compensates 

for the dispersion of the signal channel group with 
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wavelengths \ H + X to A. N (M is an integer of 2 or more (N-l) 
or less) included in the second wavelength band A 2 , which 
are outputted from the demultiplexer 22. The dispersion 
compensator 23 has a chromatic dispersion with the opposite 
5 sign from the chromatic dispersion of the optical fiber 

transmission line 30 in the second wavelength band A 2 - For 
the dispersion compensator 23, a dispersion compensating 
optical fiber, for example, is suitable, and in this case, 
loss is small, connection with other optical fibers is easy, 
10 and use in a wide band is possible. The dispersion 

compensator 23 may be a bulk type device, and in this case, 
the dispersion compensator has periodicity, can be used in 
a wide band where the dispersion characteristic can be 
variable, and can be used even at high input power. And 
15 the dispersion compensator 23 may be a flat optical guide 

type device, and in this case downsizing is possible, the 
dispersion compensator 23 can be used in a wide band, and 
can be used at high input power. 

[0041] The demultiplexer 24 1 demultiplexes the signal 

20 light included in the first wavelength band Ai, which are 

outputted from the demultiplexer 22, into each signal channel 
with wavelengths Xi to X M . The demultiplexer 24 2 , on the 
other hand, demultiplexes the signal light included in the . 
second wavelength band A 2 , whose chromatic dispersion is 
25 compensated by the dispersion compensator 23, into each 

signal channel with wavelengths A. M+1 to X N . Each receiver 



15 



FP03-0109-00 



21 n (n = 1 to N) receives the light of each signal channel 
with wavelength X n , which is outputted from the demultiplexer 
24i or the demultiplexer 24 2 . 

[0042] The optical transmission system la according 

5 to the first embodiment operates as follows. The signal 

channels with wavelength \ n , which are outputted from each 
one of the non-temperature controlled direct modulation 
light sources ll n , are multiplexed by the multiplexer 12, 
and the multiplexed signal light, including the signal 

0 channels with wavelengths X x to A, N , are sent to the optical 
fiber transmission line 30. The signal channels of the 
multiplexed signal light, which propagated through the 
optical fiber transmission line 30 and reach the 
demultiplexer 22, are demultiplexed into the signal channel 

5 group in the first wavelength band A x and the signal channel 

group in the second wavelength band A 2 by the demultiplexer 
22 . The signal channel group (wavelengths X 1 to A, M ) included 
in the first wavelength band Ai, where the absolute value 
of the chromatic dispersion is small, which are outputted 

1 from the demultiplexer 22, are demultiplexedinto eachsignal 
channel by the demultiplexer 24i, and are received by the 
receivers 21i to 21 M respectively. The signal channel group 
(wavelengths X M +i to X N ) included in the second wavelength 
band A 2/ where the absolute value of the chromatic dispersion 
is large, which are outputted from the demultiplexer 22, 
are dispersion-compensated by the non- temperature 
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controlled dispersion compensator 23, then demultiplexed 
into each signal channel by the demultiplexer 24 2 , and 
received by the receivers 21 M +i to 21 N . 

[0043] At this time, the chromatic dispersion of one 

of the signal channels in the second wavelength band A 2 after 
passing through the dispersion compensator 23 (chromatic 
dispersion at the signal receiving end of the receivers 21 M +i 
to 21 N ) is set to be negative in a temperature range of 0°C 
to 60 °C. Also the chromatic dispersion of all the signal 
channels in the second wavelength band A 2 after passing 
through the dispersion compensator 23 may be set to be 
negative in the temperature range of 0°C to 60 °C. 
[0044] At the signal receiving ends of the receivers 

21i to 21 N/ it is preferable that the optical power of one 
of the signal channels in the second wavelength band A 2 is 
set to be higher than the lowest optical power among the 
optical powers of the signal channels in the first wavelength 
band Ai . Also at the signal receiving ends of the receivers 
21 x to 21 N , the optical power of all the signal channels 
in the second wavelength band A 2 may be set to be higher 
than the lowest optical power among the optical powers of 
the signal channels in the first wavelength band Ai . 
[0045] By setting the chromatic dispersion 

characteristic and the loss characteristic as above, the 
optical transmission system la can transmit the multiplexed 
signal light, including a plurality of signal channels in 
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the signal wavelength band at high quality, and becomes a 
system particularly suitable forCWDM optical transmission. 
In the optical transmission system la, the dispersion 
compensator 23 is disposed for only the signal channel group 

5 at one side of the second wavelength band A 2 , and since each 

direct modulation light source ll n and the dispersion 
compensator 23 are non-temperature controlled devices 
respectively, system cost decreases. Also the signal 
channel spacing is wide in CWDM optical transmission, so 
10 an inexpensive optical filter can be used for the 

demultiplexer 22 . 

[0046] In the above mentioned configuration, the 

dispersion compensator 23 is disposed at the signal emitting 
end side of the optical fiber transmission line 30, but the 

15 dispersion compensator 23 may be disposed at the signal 

entering end side of the optical fiber transmission line 
30, as shown in Fig. 2. Fig. 2 is a diagram depicting the 
configuration of the first application example of the optical 
transmission system la according to the first embodiment 

20 shown in Fig. 1. 

[0047] In the optical transmission system lb according 

the first application example, the signal channels with 
wavelengths Xi to X H included in the first wavelength band 
Ai, which are outputted from the non-temperature controlled 

25 direct modulation light sources Hi to 11 M , are multiplexed 

by the multiplexer 12i . The signal channels with wavelengths 
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A.m+1 to Xh included in the second wavelength band A 2 , which 
are outputted from the non-temperature controlled direct 
modulation light source ll M +i to 11 N/ are multiplexed by the 
multiplexer 12 2 . 

5 [0048] The signal channel group included in the second 

wavelength band A 2 is dispersion-compensated by the 
dispersion compensator 23, then is multiplexed by the 
multiplexer 13 along with the signal channel group included 
in the first wavelength band Ai . The multiplexed signal 

10 light, including the signal channels with wavelengths X x 

to X N , which are multiplexed by this multiplexer 13, 
propagates through the optical fiber transmission line 30, 
which is constituted by a single-mode optical fiber with 
a length of 100 km, for example, and reaches the demultiplexer 

15 24. 

[0049] The multiplexed signal light which reaches the 

demultiplexer 24 is demultiplexed into each signal channel 
by the demultiplexer 24, and each signal channel is received 
by the receivers 21 x to 21 N respectively, which are disposed 

20 corresponding to each signal channel. 

[0050] The optical transmission system according to 

the first embodiment can also perform hybrid transmission 
for a plurality of signal channels with different 
transmission speeds. Fig. 3 is a diagram depicting the 

25 configuration of the second application example of the 

optical transmission system according to the first 
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embodiment shown in Fig . 1, and has basically a configuration 
similar to the optical transmission system lb according to 
the first application example shown in Fig. 2* 
[0051] In the optical transmission system lc according 

5 to the second application example, the transmission speed 

of the signal channels with wavelengths X x to X M , which are 
outputted from the direct modulation light sources Hi to 
11 M/ is 2.5 Gb/s , while the transmission speed of the signal 
channels with wavelengths A. M +i to A, N , which are outputted 
10 from the direct modulation light sources ll M +i to 11 N , is 

10 Gb/s . In this optical transmission system lc, the signal 
channel with a high bit rate (10 Gb/s) is 
dispersion-compensated by the dispersion compensator 23, 
which is a dispersion compensating optical fiber (DCF) . 
15 [0052] For example, in this optical transmission 

system lc, signal channels with wavelengths of 1490 nm to 
1550 nm from the direct modulation light sources Hi to 11 M 
are multiplexed by the multiplexer 12i as a signal channel 
group in the first wavelength band Ai, where the transmission 
20 speed is 2 . 5 Gb/s . As the signal channel group in the second 

wavelength band A 2 , where the transmission speed is 10 Gb/s , 
on the other hand, the signal channels with wavelengths of 
1570 nm and 1590 nm from the direct modulation light sources 
11m+i to 11 N are multiplexed by the multiplexer 12 2 . The 
25 signal channel group in the second wavelength band A 2 is 

further dispersion-compensated by the DCF 23, and the 
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chromatic dispersion is decreased until residual dispersion 
becomes less than 10 ps/nm. Then the signal channel group 
in the second wavelength band A 2 is multiplexed by the 
multiplexer 13 along with the signal channel group in the 
5 first wavelength band Ai . The multiplexed signal light, 

including the signal channels with wavelengths of 1490 nm 
to 1590 nm, which are outputted from the multiplexer 13, 
propagates through the optical fiber transmission line 30 
(e.g. a single-mode optical fiber with a length of 50 km), 
10 and reaches the demultiplexer 24. In this demultiplexer 

24, the multiplexed signal light is demultiplexed into signal 
channels, which are received by the receivers 21i to 21 N 
corresponding to these signals respectively. 
[0053] If upgradeable signal channels are determined 

15 in advance and dispersion compensation, is performed for 

the signal channels by the dispersion compensator, such as 
DCF, as shown in the optical transmission system lc, then 
transmission speed can be easily upgraded from 2.5 Gb/s to 
10 Gb/s merely by switching the optical transmitter and the 
20 optical receiver. 

[0054] Fig. 4 is a graph depicting the chromatic 

dispersion characteristics of the optical transmission 
system la according to the first embodiment . In this optical 
transmission system la, the optical fiber transmission line 
25 30 is a standard single-mode optical fiber with a length 

of 100 km. The dispersion compensator 23 is a dispersion 
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compensating optical fiber having a chromatic dispersion 
of -100 ps/nm/km, a dispersion slope of 0 ps/nm 2 /km, and 
a transmission loss of 0.5 dB /km, as characteristics at 
a wavelength of 1.55 |am. The insertion loss of the 
5 multiplexer 12, demultiplexer 2A X and demultiplexer 24 2 are 

3 dB respectively- The insertion loss of the multiplexer 
22 is 1 dB. The optical transmission system la is assumed 
to be a system with a dispersion resistance of 1000 ps/nm, 
which transmits 16-channel signal light (channel spacing 
10 of 20 nm) in a wavelength range of 1.31 |nm to 1.61 jjiti at 

a bit rate of 2.5 Gb/s. 

[0055] When the dispersion compensator 23 is not 

disposed, the accumulated chromatic dispersion exceeds the 
dispersion resistance depending on the wavelength (broken 

15 line in Fig. 4) . However in the optical transmission system 

la according to the first embodiment, each signal channel 
included in the second wavelength band A 2 (wavelengths of 
1.42 (im to 1.61 ]Ma) , where the absolute value of chromatic 
dispersion in the optical fiber transmission line 30 is large, 

2 0 is dispersion-compensated by the dispersion compensator 23, 

so the accumulated chromatic dispersion of the entire system 
is less than the dispersion resistance (solid line A or B 
in Fig. 4) . The solid line A in Fig. 4 is the case when 
the chromatic dispersion is compensated so that the average 

25 chromatic dispersion becomes roughly zero in the second 

wavelength band A 2 . The solid line B in Fig. 4 shows the 
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case when the chromatic dispersion is compensated so that 
the average chromatic dispersion becomes negative in the 
second wavelength band A 2 . Since the light source ll n is 
a direct modulation light source respectively, it is 
preferable that the average chromatic dispersion in the 
second wavelength band A 2 becomes negative, as the solid 
line B shows . 

[0056] Fig. 5 is a graph depicting other chromatic 

dispersion characteristics of the optical transmission 
system la according to the first embodiment . In this optical 
transmission system la, the optical fiber transmission line 
30 is a non-zero-dispersion shifted optical fiber (NZDSF) 
with a length of 50 km. This non-zero-dispersion-shifted 
optical fiber has a zero-dispersion wavelength of 1.43 pirn 
15 and a transmission loss of 0.2 dB/km, at a wavelength of 

1.55 (im. The dispersion compensator 23 is a dispersion 
compensating optical fiber having a chromatic dispersion 
of -80 ps/nm/km, a dispersion slope of -0.1 ps/nm 2 /km, and 
a transmission loss of 0.5 dB/km, as characteristics at a 
2 0 wavelength of 1 . 55 urn. The insertion loss of the multiplexer 

12, demultiplexer 24i and demultiplexer 24 2 is 3 dB 
respectively. The insertion loss of the demultiplexer 22 
is 1 dB. This optical transmission system la is assumed 
to be a system with a dispersion resistance of 75 ps/nm, 
25 which transmits 16-channel signal light (channel spacing 

of 20 nm) in a wavelength range of 1.31 jam to 1.61 jam at 
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a bit rate of 10 Gb/s. 

[0057] In this case as well, the accumulated chromatic 

dispersion exceeds dispersion resistance depending on the 
wavelength if the dispersion compensator 23 is not disposed. 
5 However, in the optical transmission system la according 

to the first embodiment, each signal channel included in 
the second wavelength band A 2 (wavelengths of 1.45 jum to 
1.61 Jim) , where the absolute value of chromatic dispersion 
in the optical fiber transmission line 30 is large, is 
10 dispersion-compensated by the dispersion compensator 23 so 

the accumulated chromatic dispersion in the entire system 
becomes negative. The transmission penalty is 1 dB or less 
in all the signal channels. 
(Second Embodiment) 
15 [0058] Now the second embodiment of the optical 

transmission system according to the present invention will 
be described. Fig. 6 is a diagram depicting the 
configuration of the optical transmission system 2 according 
to the second embodiment. The optical transmission system 
2 shown in Fig. 6 further comprises an optical coupler 41 
and an pumping light source 42, in addition to the 
configuration of the optical transmission system la 
according to the first embodiment (Fig. 1) . In the. following 
description, the dispersion compensator 23 is disposed at 
the signal emitting end side of the optical fiber 
transmission line 30, as shown in Fig. 6, but in the second 
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embodiment, the dispersion compensator 23 may be disposed 
at the signal entering end side of the optical fiber 
transmission line 30, as shown in Fig. 2, as an application 
example. This second embodiment may have a configuration 
5 which allows hybrid transmission, where the transmission 

speed is different among the signal channels, as shown in 
Fig. 3, as another application example. 

[0059] The pumping light source 42 outputs the 

Raman-amplification pumping light f or Raman-ampli f ying the 
10 signal light into the optical fiber transmission line 30. 

The optical coupler 41 is disposed in the subsequent stage 
of the optical fiber transmission line 30 and in the previous 
stage of the demultiplexer 22, and supplies the pumping light, 
which is outputted from the pumping light source 42, into 

15 the optical fiber transmission line 30, and also outputs 

the multiplexed signal light reached from the optical fiber 
transmission line 30 into the multiplexer 22. It is 
preferable that the Raman-amplification pumping light 
includes a plurality of pumping channels in the wavelength 

20 range of 1.2 pun to 1.3 jam, and in this case, the multiplexed 

signal light in the wavelength range of 1.3 urn to 1.4 p 
can be Raman-amplified. At this time, it is preferable that 
the optical fiber transmission line 30 has a transmission 
loss at a wavelength of 1.38 ^m, which is smaller than the 

25 transmission loss at a wavelength of 1.31 pun. 

[0060] The optical transmission system 2 operates as 
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follows. The Raman-amplification pumping light, which is 
outputted from the pumping light source 42, is supplied into 
the optical fiber transmission line 30 through the optical 
coupler 41. Each signal channel with wavelength X n , which 
5 is outputted from each non-temperature controlled direct 

modulation light source ll n which constitutes the optical 
transmitter, is multiplexed by the multiplexer 12, and the 
signal light (multiplexed signal light) , where signal 
channels with wavelengths \± to A, N are multiplexed, is sent 
10 from the multiplexer 12 to the optical fiber transmission 

line 30. While propagating through the optical fiber 
transmission line 30, the multiplexed signal light is 
Raman-amplif ied . And the signal channel included in the 
multiplexed signal light, which reaches from the optical 

15 fiber transmission line 30 to the demultiplexer 22 through 

the optical coupler 41, is demultiplexed into the signal 
channel group in the first wavelength Ai and the signal 
channel group in the second wavelength band A 2 by the 
demultiplexer 22. The signal channel group (wavelengths 

20 \ 1 to A. M ) in the first wavelength band Ai, where the absolute 

value of chromatic dispersion is small, demultiplexed by 
the demultiplexer 22, is demultiplexed into each signal 
channel by the demultiplexer 24i, and is received by the 
corresponding receiver 21i to 21 M , respectively. The signal 

25 channel group (wavelengths A, M +i to X N ) in the second wavelength 

band A 2/ where the absolute value of chromatic dispersion 
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is large, demultiplexed by the demultiplexer 22, is 
demultiplexed into each signal channel by the demultiplexer 
24 2 after dispersion is compensated by the non-temperature 
controlled dispersion compensator 23. And these 
5 demultiplexed signal channels (wavelengths A, M+ i to Jt N ) are 

received by the receivers 21 M +i to 21 N , respectively. 
[0061] The chromatic dispersion of one of the signal 

channels in the second wavelength band A 2 after passing 
through the dispersion compensator 23 (chromatic dispersion 
10 at the signal receiving ends of the receivers 21 M +i to 21 N ) 

is set to be negative in a temperature range of 0°C to 60 °C. 
Also the chromatic dispersion of all the signal channels 
in the second wavelength band A 2 after passing through the 
dispersion compensator 23 may be set to be negative in the 
15 temperature range of 0°C to 60°C. It is preferable that 

at the signal receiving ends of the receivers 21 M +i to 21 N , 
the optical power of one of the signal channels in the second 
wavelength band A 2 is set to be higher than the lowest optical 
power among the optical powers of the signal channels in 
20 the first wavelength band A x . Also, it is preferable that, 

at the signal receiving ends of the receivers 21 M +i to 21 N , 
the optical power of all the signal channels in the second 
wavelength band A 2 is set to be higher than the lowest optical 
power among the optical power of the signal channels in the 
25 first wavelength band Ai . 

[00 62] By implementing the above mentioned chromatic 
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dispersion characteristic and loss characteristic, the 
optical transmission system 2 allows high quality 
transmission of multiplexed signal light including a 
plurality of signal channels in the signal wavelength band, 
5 and becomes a system suitable particularly for CWDM optical 

transmission. In this second embodiment as well, the 
dispersion compensator 23 is disposed only for the signal 
channels in the second wavelength band A 2 at one side, and 
the direct modulation light source ll n and dispersion 

10 compensator 23 are non-temperature controlled devices, 

respectively, so system -cost decreases. In CWDM optical 
transmission, the signal channel spacing is wide, so an 
inexpensive optical filter can be used as the demultiplexer 
22. This second embodiment allows higher quality signal 

15 transmission by Raman-amplif ying the signal channels in a 

wavelength band where the transmission loss of the. optical 
fiber transmission line 30 is high. 

[0063] Specifically, the optical fiber transmission 

line 30 is a non-zero-dispersion shifted optical fiber 

20 (NZDSF) where the loss peak due to an OH-radical near 1.38 

|-im is decreased. The assumed system is a system with 
dispersion resistance of 1200 ps/nm, which transmits 
16-channel signal light (channel spacing of 20 run) in the 
wavelength range of 1.31 p to 1.61 pi at a bit rate of 2.5 

25 Gb/s. The pumping channel wavelength of the 

Raman-amplification pumping light is 1.2 p to 1.3 jj.m, and 
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the multiplexed signal light near 1 . 3 jim is Raman-amplified. 
By this, the transmission distance, which is restricted by 
loss, can be expanded, or reception power is increased, 
therefore the system margin can be expanded. For example, 
5 when the pumping channel wavelength of the 

Raman-amplification pumping light is 1 . 23 jam and the optical 
power thereof is 24 dBm, the transmission distance at the 
wavelength of 1.33|Jiri can be 20 km or more longer. 
[0064] Fig. 7 is a graph depicting the loss 

10 characteristics of the optical fiber transmission line. As 

Fig. 7 shows, due to the insertion of the dispersion 
compensator 23, the transmission loss of all the signal 

channels in the second wavelength band A 2 increases. 
However, it is important that the transmission loss of all 

15 the signal channels in the signal wavelength band is at 

tolerance or less. In particular, when the transmission 
loss of all the signal channels in the second wavelength 
band A 2 is the same or less than the transmission loss near 
1 . 3 jam, then the performance of the loss budget of the entire 

20 system does not deteriorate. As this second embodiment 

shows, high quality signal light transmission is possible 
by Raman-amplifying the signal light. 
(Third Embodiment) 

[0065] The third embodiment of the optical 

25 transmission system according to the present invention will 

now be described. Fig. 8 is a diagram depicting the 
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configuration of the optical transmission system 3 according 
to the third embodiment. The optical transmission system 
3 shown in Fig. 8 comprises N number of (N is an integer 
2ormore) direct modulation light sources Hi to 11 N (included 
5 in the optical transmitter) , multiplexer 12, N number of 

receivers 21 1 to 21 N (included in the optical receiver), 
demultiplexer 22i, demultiplexer 22 2 , dispersion 
compensator 23 2 , dispersion compensator 23 3 , demultiplexer 
24i, demultiplexer 24 2 , demultiplexer 24 3 and optical fiber 
10 transmission line 30. The following description is based 

on the configuration where the dispersion compensators 23 2 
and 23 3 are disposed at the signal emitting end side of the 
optical fiber transmission line 30, as shown in Fig. 8, but 
in the third embodiment as well, the dispersion compensators 
15 23 2 and 23 3 may be disposed at the signal entering end side 

of the optical fiber transmission line 30, as shown in Fig. 
2 , as an application example . Also in the third embodiment, 
a configuration which allows hybrid transmission, where the 
transmission speed is different among signal channels, as . 
20 shown in Fig. 3, may be used as another application example . 

[0066] Each direct modulation light source ll n (n is 

an arbitrary integer 1 or more N or less) includes a 
non-temperature controlled semiconductor laser light 
source which outputs the directly modulated signal channels 
25 with wavelength X n . The multiplexer 12 multiplexes the 

signal channels with wavelength X n which are outputted from 
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the direct modulation light source ll n , and sends the signal 
light (multiplexed signal light) , where signal channels with 
wavelengths Xi to A. N are multiplexed, to the optical fiber 
transmission line 30. The signal channel wavelengths X x 
5 to X H are included in the signal wavelength band from a 

wavelength of about 1.3 urn to a wavelength of about 1.61 
jjjri, of which the channel spacing is relatively wide. In 
other words, the optical transmission system 3 according 
to the third embodiment is a system which performs CWDM 
10 optical transmission. 

[0067] The optical fiber transmission line 30 guides 

to the demultiplexer 22i the multiplexed signal light, 

including the signals channels with wavelengths Xi to A, N/ 
which are outputted from the multiplexer 12. It is 
15 preferable that this optical fiber transmission line 30 is 

a standard single-mode optical fiber having a 

zero-dispersion wavelength of near 1 . 3 \im that is suitable , 
or a non-zero-dispersion shifted optical fiber (NZDSF) 
having a zero-dispersion wavelength at wavelengths of 1.35 
20 pia to 1 . 5 p.m. It is also preferable that the optical fiber 

transmission line 30, at a wavelength of 1.38 |um, has a 
transmission loss smaller than a transmission loss at a 

wavelength of 1.31 pm. 

[0068] The demultiplexer 22i is disposed in the 

25 subsequent stage of the optical fiber transmission line 30, 

and demultiplexes the signal channels with wavelengths Xi 
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to X N propagating through the optical fiber transmission 
line 30 into the signal channel group in the first wavelength 
band A x and the signal channel group in the second wavelength 
band A 2 . The first wavelength band Ai is a wavelength band 
5 which includes the zero-dispersion wavelength of the optical 

fiber transmission line 30, and the second wavelength band 
A 2 is the other wavelength band. If the optical fiber 
transmission line 3 0 is a standard single -mode optical fiber, 
the second wavelength band A 2 is at the longer wavelength 
10 side from the first wavelength band Ai . The demultiplexer 

22 2 further demultiplexes the signal channels with 
wavelengths \ M +i to A, N (M is an integer 2 or more (N-l) or 
less) included in the second wavelengthbandA 2 demultiplexed 
by the demultiplexer 22i into two signal channel groups. 
15 [0069] The dispersion compensator 23 2 is a 

non-temperature controlled device, and compensates for the 
chromatic dispersion of the signal channels with wavelengths 
X M +i to X L (L is an integer (M+2) or more (N-l) or less) among 
the signal channels in the second wavelength band A 2 
20 demultiplexed by the demultiplexer 22 2 . The dispersion 

compensator 23 3 is also a non-temperature controlled device, 
and compensates for the chromatic dispersion of the signal 
channels with wavelengths A. L +i to A, N among the signal channels 
of the second wavelength band A 2 demultiplexed by the 
25 demultiplexer 22 2 . These dispersion compensators 23 2 and 

23 3 have chromatic dispersion with the opposite sign from 
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the chromatic dispersion of the optical fiber transmission 
line 30 in each wavelength band, and a dispersion 
compensating optical fiber, for example, is suitable. 
[0070] The demultiplexer 24 x demultiplexes the signal 

5 channels with wavelengths X x to X M included in the first 

wavelength band Ai which are demultiplexed by the 
demultiplexer 22 x . The demultiplexer 24 2 demultiplexes the 
signal channels with wavelengths X M +x to X h among the signal 
channels in the second wavelength band A 2 for which the 

10 chromatic dispersion is compensated by the dispersion 

compensator 23 2 . The demultiplexer 24 3 demultiplexes the 
signal channels with the wavelengths X L+1 to X N among the 
signal channels with the second wavelength band A 2 for which 
the chromatic dispersion is compensated by the dispersion 

15 compensator 23 3 . Each receiver 21 n receives the signal 

channel with the wavelength X n , which is outputted from one 
of the demultiplexers 24i to 24 3 . 

[0071] This optical transmission system 3 operates as 

follows. The signal channels with wavelength X n , which is 

20 outputted from the non-temperature controlled direct 

modulation light sources ll n respectively, are multiplexed 
by the multiplexer 12, and the signal light (multiplexed 
signal light) , where the signal channels with wavelengths 
Xi to Xu are multiplexed, are sent from this multiplexer 

25 12 to the optical fiber transmission line 30.. The 

multiplexed signal light which reaches from the optical fiber 
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transmission line 30 to the demultiplexer 22i is 
demultiplexed into the signal channel group in the first 
wavelength band Ai and the signal channel group in the second 
wavelength band A 2 by the demultiplexer 22 x . The signal 
5 channels with wavelengths \± to X M included in the first 

wavelength band Ai, where the absolute value of chromatic 
is small, demultiplexed by the demultiplexer 22i, are 
demultiplexed by the demultiplexer 24 x respectively, and 
received by the receivers 21i to 21 M . The signal channels 
10 with wavelengths X M +i to A, N included in the second wavelength 

band A 2/ where the absolute value of chromatic dispersion 
is large, demultiplexed by the demultiplexer 22 ir on the 
other hand, are further demultiplexed into two signal 
channels with two wavelength bands by the demultiplexer 22 2 , 

15 and the chromatic dispersion is compensated by the 

non-temperature controlled dispersion compensators 23 2 and 
23 3 . Then the signal channels whose the chromatic dispersion 
is compensated are demultiplexed by the demultiplexers 24 2 
and 24 3 respectively, and received by the corresponding 

20 receivers 21 M +i to 21 N . 

[0072] At this time, chromatic dispersion of one of 

the signal channels in the second wavelength band A 2 after 
passing through the dispersion compensators 23 2 and 23 3 
(chromatic dispersion at the signal receiving ends of the 

25 receivers 21 M +i to 21 N ) is set to be negative in a temperature 

range of 0°C to 60°C. It is also preferable that the 
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chromatic dispersion of all the signal channels in the second 
wavelength band A 2 , after passing through the dispersion 
compensators 23 2 and23 3 , is set tobe negative in a temperature 
range 0°C to 60 °C. 
5 [0073] It is also preferable that at the signal 

receiving ends of the receivers 21 M +i to 21 N/ the optical 
power of one of the signal channels in the second wavelength 
band A 2 is set to be higher than the lowest optical power 
among the optical power of signal channels included in the 
10 first wavelength band Ai . It is also preferable that at 

the signal receiving ends of the re ceivers 21m+i to 21n, the 
optical powers of all the signal channels in the second 
wavelength band A 2 is set to be higher than the lowest optical 
power among the optical powers of all the signal channels 
15 in the first wavelength band Ai . 

[0074] By having the above mentioned chromatic 

dispersion characteristic and loss characteristic, the 
optical transmission system 3 allows high quality 
transmission of a plurality of signal channels included in 
20 the signal wavelength band, and is suitable particularly 

for CWDM optical transmission. In this third embodiment 
as well, the dispersion compensators 23 2 and 23 3 are disposed 
only for the signal channels in the second wavelength band 

A 2 at one side, and the direct modulation light sources ll n 
25 and the dispersion compensators 23 are non- temperature 

controlled devices respectively, so system cost decreases. 
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Also inCWDM optical transmission, the signal channel spacing 
is wide, so inexpensive optical filters can be used as the 
demultiplexers 22± and 22 2 . Particularly in this third 
embodiment, the signal channels included in the second 

5 wavelength band A 2 are demultiplexed into two wavelength 

bands, and a dispersion compensator is disposed for each 
one of the demultiplexed signal channel groups, so a higher 
quality optical transmission of signals becomes possible. 
Also the loss requirement characteristics for the dispersion 
10 compensators 23 2 and 23 3 are relaxed, so system design is 

easy. 

[0075] Fig. 9 is a graph depicting the chromatic 

dispersion characteristics of the optical transmission 
system 3 according to the third embodiment. When the 

15 dispersion compensators 23 2 and 23 3 are not disposed, 

accumulated chromatic dispersion exceeds the dispersion 
resistance depending on the wavelength. However in the 
optical transmission system 3 according to the third 
embodiment, each signal channel included in the second 

20 wavelength band A 2 (wavelengths of 1.4 urn to 1.61 jam) , where 

the absolute value of chromatic dispersion is large in the 
optical fiber transmission line 30, is 

dispersion-compensated by the dispersion compensators 23 2 
and 23 3 . By this, the accumulated chromatic dispersion of 

25 the entire system becomes negative. 

(Examples) 
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[0076] Now specific examples 1 to 3 of the optical 

transmission system 1 according to the first embodiment will 
be described. In all of these examples, the wavelengths 
of the signal channels are 1275 nm, 1300 nm, 1325 nm, 1350 
5 nm, 1530 nm, 1550 nm, 1570 nm and 1590 nm. The second 

wavelength band A 2 includes the channel wavelengths of 1530 
nm to 1590 nm. 

[0077] In Example 1, the optical fiber transmission 

line 30 is a standard single-mode optical fiber with a length 
10 of 100 km. The dispersion compensator 23 is a dispersion 

compensating optical fiber having a chromatic dispersion 
of -120 ps/nm/km, a dispersion slope of -0.4 ps/nm 2 /km, and 
a transmission loss of 0.5 dB/km, as the characteristics 
at a wavelength of 1.55 (am. The bit rate is 2.5 Gb/s. And 
15 the chromatic dispersion characteristics of the entire 

system was evaluated while changing the length of the 
dispersion compensating optical fiber. Fig. 10 is a table 
showing the chromatic dispersion characteristic of Example 
1. This table shows the length (km) of the dispersion 
20 compensating optical fiber, the maximum value (ps/nm) of 

the accumulated chromatic dispersion in the second 
wavelength band A 2 , and the worst transmission penalty (dB) 
in the second wavelength band A 2 . When the dispersion 
compensating optical fiber has a length of 7 km, the maximum 
25 value of the accumulated chromatic dispersion in the second 

wavelength band A 2 is about 1000 ps/nm, and the worst 
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transmission penalty is 1.0 dB . When the dispersion 
compensating optical fiber has a length of 14 km, the maximum 
value of the accumulated chromatic dispersion in the second 
wavelength band A 2 is about 20 ps/nm, and the worst 
5 transmission penalty is 0.1 dB . When of the dispersion 

compensating optical fiber has a length of 14.3 km, the 
maximum value of the accumulated chromatic dispersion in 
the second wavelength band A 2 is about -20 ps/nm, and the 
worst transmission penalty is -0 . 1 dB . When the dispersion 

10 compensating optical fiber has a length of 15 km, the maximum 

value of the accumulated chromatic dispersion in the second 
wavelength band A 2 is about -100 ps/nm, and the worst 
transmission penalty is -0.2 dB . In other words, when the 
dispersion compensating optical fiber has a length of 14.3 

15 km or 15 km, the accumulated chromatic dispersion becomes 

negative in the entire signal wavelength band of the second 

wavelength band A 2 , and the transmission penalty improves 
compared with a configuration where the optical transmitter 
and the optical receiver are directly connected by the 

20 optical fiber transmission line. 

[0078] In Example 2, the optical fiber transmission 

line 30 is a non-zero-dispersion shifted optical fiber 
(NZDSF) with a length of 125 km. This non-zero-dispersion 
shifted optical fiber has an 8 ps/nm/ km chromatic dispersion, 

2 5 a 0 . 0 6 ps/nm 2 / km dispersion slope and a 0 . 2 dB/ km transmission 

loss as characteristics at a wavelength of 1.55 join. The 
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dispersion compensator 23 is a dispersion compensating 
optical fiber having a chromatic dispersion of -100 ps/nm/ km, 
a dispersion slope of -0 . 6 ps/nm 2 /km and a transmission loss 
of 0.52 dB/km, as characteristics at a wavelength of 1.55 

5 |Jin. The bit rate is 2 . 5 Gb/s . And the chromatic dispersion 

characteristics of the entire system was evaluated while 
changing the length of the dispersion compensating optical 
fiber. Fig. 11 is a table showing the chromatic dispersion 
characteristics of Example 2. For each signal channel 

10 wavelength, the length (km) of the dispersion compensating 

optical fiber, the maximum value (ps/nm) of the accumulated 
chromatic dispersion and the transmission penalty (dB) are 
shown. As this table shows, the transmission penalty is 
negative when the accumulated chromatic dispersion is 

15 negative at any one of the signal channel wavelengths. 

[0079] In Example 2, when the length of the dispersion 

compensating optical fiber is 5 km, 9 km, 10 km, 10.5 km, 
11 km and 15 km, themaximum value of the accumulated chromatic 
dispersion at the signal channel wavelength of 1530 nm is 

20 410 ps/nm, 58 ps/nm, -30 ps/nm, -70 ps/nm, -119 ps/nm and 

-462 ps/nm respectively, and the transmission penalty is 
0.5 dB, 0.1 dB, -0.1 dB, -0.2 dB, -0.2 dB and -0.2 dB 
respectively. 

[0080] When the length of the dispersion compensating 

25 optical fiber is 5 km, 9 km, 10 km, 10.5 km, 11 km and 15 

km, themaximum value of the accumulated chromatic dispersion 
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at the signal channel wavelength of 1550 nm is 501 ps/nm, 
99 ps/nm, 1 ps/nm, -47 ps/nm, -102 ps/nm and -493 ps/nm 
respectively, and the transmission penalty is 0.5 dB, 0.2 
dB, 0.1 dB, -0.1 dB, -0.2 dB and -0.3 dB respectively. 
5 [0081] When the length of the dispersion compensating 

optical fiber is 5 km, 9 km, 10 km, 10.5 km, 11 km and 15 
km, the maximum value of the accumulated chromatic dispersion 
at the signal channel wavelength of 1570 nm is 585 ps/nm, 
134 ps/nm, 25 ps/nm, -31 ps/nm, -94 ps/nm and -541 ps/nm, 
10 and the transmission penalty is 0 . 6 dB, 0.3 dB, 0.1 dB, -0.1 

dB, -0.2 dB and -0.3 dB respectively. 

[0082] When the length of the dispersion compensating 

optical fiber is 5 km, 9 km, 10 km, 10.5 km, 11 km and 15 
km, the maximum value of the accumulated chromatic dispersion 

15 at the signal channel wavelength of 1590 nm is 671 ps/nm, 

177 ps/nm, 54 ps/nm, -4 ps/nm, -71 ps/nm and -572 ps/nm 
respectively, and the transmission penalty is 0.7 dB, 0.3 
dB, 0.1 dB, 0 dB, -0.2 dB and -0.3 dB respectively- 
[0083] In Example 3, the optical fiber transmission 

20 line 30 and the dispersion compensator 23 (dispersion 

compensating optical fiber) , similar to Example 2, are 
applied. The bit rate is 10 Gb/s. And the chromatic 
dispersion characteristics of the entire system was 
• evaluated while changing the length of the dispersion 

25 compensating optical fiber. Fig. 12 is a table showing the 

transmission penalty characteristics of Example 3. This 
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table shows the length of the dispersion compensating optical 
fiber (km) and the transmission penalty (dB) for each signal 
channel wavelength. As this table shows, the accumulated 
chromatic dispersion is negative, and the transmission 
5 penalty is negative at any signal channel wavelength, because 

the length of the dispersion compensating optical fiber is 
set appropriately. 

[0084] In Example 3, when the length of the dispersion 

compensating optical fiber is 9 km, 10 km, 10.5 km and 11 

10 km, the transmission penalty at the signal channel wavelength 

of 1530 nm is 0 . 8 dB, -0.1 dB, -0 . 2 dB and -0 . 3 dB respect ively . 
When the length of the dispersion compensating optical fiber 
is 9 km, 10 km, 10.5 km and 11 km, the transmission penalty 
at the signal channel wavelength of 1550 nm is 1.1 dB, 0.1 

15 dB, -0.1 dB and -0.3 dB respectively. When the length of 

the dispersion compensating optical fiber is 9 km, 10 km, 
10.5 km and 11 km, the transmission penalty at the signal 
channel wavelength of 1570 nm is 1.7 dB, 0.3 dB, -0.1 dB 
and -0.3 dB respectively. And when the length of the 

20 dispersion compensating optical fiber is 9 km, 10 km, 10.5 

km and 11 km, the transmission penalty at the4 signal channel 
wavelength of 1590 nm is 3.1 dB, 0.6 dB, 0 dB and -0.2 dB 
respectively. 

[0085] Now the temperature characteristic of the 

25 optical transmission system according to the present 

invention will be evaluated. Fig. 13Ais a diagram depicting 
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the experimental system prepared for this evaluation, and 
Figs. 13B and 13C are graphs depicting the optical 
characteristics of this experimental system. 
[008 6] The experimental system prepared for evaluation 

5 is comprised of a single-mode optical fiber 31 as the optical 

fiber transmission line, and a dispersion compensating 
optical fiber 32 as the dispersion compensator, which are 
connected by fusing, as shown in Fig. 13A. The provided 
single-mode optical fiber 31 has a 17 ps/nm/km chromatic 

10 dispersion D S mf/ and a 0.06 ps/nm 2 /km dispersion slope DS S mf 

as characteristics at the temperature of 30 °C and wavelength 
of 1540 nm. The provided dispersion compensating optical 
fiber 32 has a chromatic dispersion D D cf of -130 ps/nm/km 
and a dispersion slope DS D cf of -0.43 ps/nm 2 /km, as 

15 characteristics at the temperature of 30 °C and wavelength 

of 1540 nm. 

[0087] In Fig. 13B, the graph G1210a shows the 

accumulated chromatic dispersion (total chromatic 
dispersion D to tai (ps/nm) ) characteristics of the first 

20 comparison example, which is constituted by a single-mode 

optical fiber with a length of 80 km and a dispersion 
compensating optical fiber with a length of 10.5 km, and 
the graph G1210b shows the accumulated chromatic dispersion 
(total chromatic dispersion D to tai (ps/nm) ) characteristic 

2 5 of the present example, which is constituted by a single-mode 

optical fiber with a length 80 km and a dispersion 
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compensating optical fiber having a longer fiber length than 
this first comparison example . As Fig. 13B shows, according 
to the second comparison example, the total chromatic 
dispersion D tot ai becomes positive when the temperature 
5 exceeds 3 0 °C, but according to the present example, the fiber 

length of the dispersion compensating optical fiber is set 
long, so that the total chromatic dispersion D to tai becomes 
negative at least in a temperature range of 0"C to 60 °C. 
By this, the change of the transmission characteristic can 
10 be sufficiently prevented, even in an actual operation 

environment . 

[0088] The present inventor also considering a second 

comparison example, which is constituted by a single-mode 
optical fiber with a length of 80 km and a dispersion 

15 compensating optical fiber, which has a positive dispersion 

slope as a characteristic at the temperature of 30 °C and 
wavelength of 1540 nm. In Fig. 13C, the graph G1220a shows 
the accumulated chromatic dispersion (total chromatic 
dispersion D to tai (ps/nm) ) of the second comparison example 

20 at 60 °C, and graph G1220b shows the accumulated chromatic 

dispersion (total chromatic dispersion D to tai (ps/nm) ) 
characteristic of the second comparison example at 0°C. 
[0089] As Fig. 13C shows, according to the second 

comparison example, the total chromatic dispersion D to tai 

2 5 at a wavelength of 1610 nm becomes positive in a 0 °C operating 

environment, even if the total chromatic dispersion D to tai 
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at a wavelength of 1550 nm is negative. At 60 °C, the total 
chromatic dispersion D to tai becomes 19 ps/nm. In this case, 
deterioration of the transmission characteristic becomes 
conspicuous at a bit rate of 10 Gb/s high-speed optical 
5 transmission at a wavelength of 1610 nm. 

[0090] As described above, according to the present 

invention, signal light can be transmitted at high quality. 
Also the direct modulation light source and dispersion 
compensator to be applied are non- temperature controlled 
10 devices respectively, so system cost decreases. 

[0091] From the invention thus described, it will be 

obvious that the embodiments of the invention may be varied 
in many ways. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention, and 
15 all such modifications as would be obvious to one skilled 

in the art are intended for inclusion within the scope of 
the following claims. 
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